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INTRODUCTION

)

This roport contains information in four areas:

1)
A ?/\ir Launched Balloon System (ALBS): Programs, their description,

Flowcharts, and Dogumentations)

(=
1 Balloon Tracking Using VOR: Description and Logic of Mathemr. 'cal

Development, and a Program Employing These Techniques (Including

A )'.ﬂ-—

(o Flowchart and Documentation))

1y ) Tethered Balloon Experiment: Analysis and Recommendations;

) y
W <" halloon Flight Simulations Using ddaIN AFB, HOLLOMAN, and

WHITE SANDS Wind Data.
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I. ALBS Program Documentation

Introduction

This write-up describes programs pertaining to the Air-
Launched Balloon System (ALBS), which were originally written
for a desk-top calculator (Wang Model 452-1), by Andrew Carten
(AFGL), ALBS development program manager,!l These¢ programs
have now been put in Fortran so that they may be run on the
the CDC 6600, and this section provides all information
necessary to run these programs. For each program are
provided a description, listing, flow chart, sample deck
set-up, sample output, and definitions of all nomenclature,
i.e., the variabls names, used in the progran, As much as
possible, the original program names, subroutine names, and
variable names have been retained,. The underlying mathematics
and logle, unless different, are not described in any depth
hera. For a more comprehensive treatment the reader should
consult the Carten report.1

The first program, called CHUTE, treats the ALBS systenm
as the drogue and main parachutes are being deployed. The
second program, called P14B, treats the system as the
balloon is being inflated.

Nnte that within the descriptions, flow charts, etc.
veriable names are ofteon referred to without explanation.

The reador is referred to the appropriate section on 'Nomen-

clature'.
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Program CHUTE

This program computecs theorctical-performance data
{(velocity, drag, dynamic pressure, otc.) for the ALBS system
starting from the point when either the drogue parachute or
the main parachucte is beginning to open until it is fq§1y
openeod (0gtxTF), The computations are based on an initially
chosen opening time (TF=TFI). The volume of the filled
parachute is then computed. If the calculated volume, using
the initial opening time, is sufficiently close (less than
200 cu ft) to the theoretical volume, the program goes on.
If not, a new opening time i3 chosen, and the first calculation
iy repeated. 1

When an acceptable opening time has been found, the be-
havior of the system at t>TF is computed, The calculations
are continued until the velocity of the system is 'sufficlently
close' to the equilibrium velocity (VEHI). The criterion
for 'sufficiently close' is satisfied when the change in the
dynamic pressure (Q) becomes 'very small', The system date
at this point become the starting data for another program
not described here.

Tho program then reverts back to the time period during
which the parachute was in the process of opening (0<t<TF),

and it calculates doceleration and opening shock forces.
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Data lnput tv the program is by means of a READ statement,
Each time the READ statemoent is executed, 1.e., each line
(or card) of input data is read a new set of calculations is
done. Any number of sets of calculations may be done at
one time, In this way, parametric studies of any of the
parameters in the READ statement c¢an be done easily, The
data must be 'unformatted', i.e., the variables must be
separated by commas.

Each time a new opening time (TF) is tried, subroutine
P4U is called with its first argument equal to 0, and one
page of output is written, When an appropriate opening
time 1s found, P4U is called again, but this time with its
firsi argument equal to 1, and calculations are made for
t>TF. This output is printed on the same page. Subroutine
P10 is then called to calculate the acceleration and opening
shock forces, and this output is written on a new page.

The output of the program is written on tape 1 and tape 2.
Tape 1 contains the output of main interest, while on tape 2
is wrirtten supplementary information as well as results of
calculations used for checking purposes,
(Note that in the program there are statements with 'CHECK'
written in the first 5 colunmns, Because there is a 'C' in
column 1, they are treated by the comﬁuter as comment cards,

In order to use those statemonts the 'CHECK"™ must be deloted.)

T
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r PROGRAM CHUTE /7% OPTay FIN hoBobth 06712277 33.12.38
il i
L 1 PROGRAM CHUTE (TAPESL, TAPEZ, INPUT , TAPESuINPUT) 000100
: ] 000110
3 60 AL J3 PARAGCHUTE DEPLOYMENT CALCULATIONS 000120
g cu WRITTEN FOK A GARTEN, AFGL Vo130
a s ce 3Y RUMERYT VESPRINE, EMMANUEL COLLEGE, 2/7F 0001 M0
. 14 000188
JOMRNON /VELZ V210, DVLE11) 0001 &
SOMMON /CONST/ PI4GO 00, TF,CO,N ooo170
JAIA PI,GO/3.10199, J2.2/ 000140
10 000190
ce READ DATA 00u200
EAD  (Bo™) KNAX, HOy Wy TFI ¢ dy CUy DOy GPy ¥O o021
IF (EOF(3),NE.O) S§TOP 00220
000230
19 tc WRLTE HEADINGS FOR TAPE2 0000
WwRITE (2,200 UATE(TODAY) oaoeyo
WRITE  (2,22) W,D0,C0,CP [LIE X+
nRITE (2,200 qon20
000280
20 1H INSTIALIZE REQUIRED VARIABLES 000290
f a1, § TF = TFL 000300
JTF & i 000310
50 = (PTODO** 2}/ L, 000320
VLHAX & (2,7(3,%8]1%% 2))eDQos3 000340
29 . LR LY
™ STARY (ALCULATIONS,ONE VALUE OF TF FOR EACH KJQUNT 00u3t0
U0 100 KOUNT = 1,k PAX gon3eo
CALL PLy (0 )HOMHyVOIVFL,0) 000370
5 VEHI = SQRT(W/ (. 001189°S1GMA (HO)*CO*50)) ' ngigg
L 00y
ce SUSROUTINES P9 AND PPU IN Ay CARTEN'S PROGRAMS Qaasoo0
W s 0. 000610
SL & DOveEeTF/OY : doc 2l
00 ¥ J v 1,14 000430
K1) T s FLOAT(J=1)7110, 000u 40
DVLGJ) & «CLOVIJDPUC L =ThOTO® {4 /3.) = 2.8CP%TO(L,=T)) 000k 50
VL = VL ¢ L1%0VL D) doch & p
14)  SONTINUE 00dhr0 . 4
WRITE (24206) ¢ 0goLe0 1
&) WRITE (2,26¢) OVL 00090 i
Ju0s) ]
5C IS TF ACCEPTAOLE? IF IY 1S5y GO TO 200, 00810 9
JIFFVL v ABSIVLMAX = JL) : 000820
LF (OIFPVLLLE.2000) GO TO 200 000530 3
&3 Fou (VLMAX = VL)/ZJIFFVL 000840
WRITE (s 40 KOUMT, TRy VLNAX, VL) JIFFVL A00B 0
WOITE (2,400 XOUNT,TF,VLMNAX, JLyOIFFVL 000540
IF (DIFFVL.LEL1000,) OTF s ,02 903 70
IF n TF ¢ FODTF 000947
¢ 10 SoNTINUE 000»90
200 SONT INUE 000800
0008140
] MAKE CALCULATICNS FOR TIMEW T TF ¢oos 20
CALL PLU (4o M HFyVFLeVFyd) 00J03)
L34 o080
MRITE (1y18) YR vEALy JLMAX, VL 000680 3
WRITE (24100 KOUNT, TF)VLMAX) VLyIIFF VL ggg:;:
ac MAKE CALC UF ACC ANO FORCESs WHILE CHUYE IS5 JEING CERLOY:D. 0004430 g
&0 LaLL P10 CHD) 003630 i
pooroo .
* 10 FORMAT (LHODyI8,8FL042) . 000740 !
it FORHAT (LHOZ//441Xy POPINING TIME & *,FB,2)8X " VEHT = 8,FP,2 000720 ) .
LoZ/7y 11Ky *VOLMAK, = ®,FL1042,40 K CALC VOLUME = ¥,F10,2) qoors0 . ‘
(1) 20 FORMAY (LHY,)®ALDBS =< SUPPLENENTARY INFORMATION®,10x,A40) 000740 ! %
22 FORMAT (4MOo 40X, *INPUT VARIADLES NOT LISTEO ELSCWHERE®)// Q00790 N
Ly® SYSTEM WEIGHT s ®4F8,1,15K¢® DIAN OF CHUTE = *,FB8.3,// 000780 1
2¢% OQUEFF OF ORAG » %y KR, 3,13K)" & OF POROSITY = 34F8,3,//) qoorn .
2h FORMAT (4HOyLO0Xy*OYHER SALCULATED vARIABLES®) 000740 !
70 8 FORMAT (1HOy14F1 002) 003090 ;
: L 000400 {
END 000810 i
3
9

Al T IEYA ket i A
IRVPPIRPIIRORPRRRRrS S ¥ T X" A 1T S 2 an - Ll i L




SUCRQUTINE PLO YL OFT»y FIN Uo8401b 087 %2777 112,308
1 SUJROUTINE P10 (M) 0uis20
COMMON ZVEL/ VI21), DVLI{L11) 001530
SOMMON /CONSTZ PI4GO.00,TF,30)4 00150
JIMENSTION CVOT(L1) 001950
' ] goL880
b te INITIALIZE REQUIREU VORIADLES 001870
§ s0S0M w COS{PI/ZL,I*DO%®2 oot a0
i A n (W*10000040/7(SIGHALHI®GO DO ]) 00L$90
3 1 $20,%C0S0OM/00%*3 004800
14 S s A0 0aLe10
001620
cc NRITE HEAUINGS ON TAPEL 001530
HRITE (1,10 OATEL(T COAY) 00164
(T3S 3 1)
%] A START CALCULATIONS, INTERVALS OF TR/710, 001660
DO 100 I = 1,11 0us8 70
T = FLOAT(I=1)r40, 001680
DVOTAI) = (2245°V(I) = BI*TFeTaV(LI*®2 ¢ CPTFIZ(A ¢ 22.8*T) 001bv0
F oo «(W/(30°TF)) QVOT (I} i 001709
20 FOuw ¥ ¢ o 0017190
38 FO/M 001720
< WRITE CNE LINE OF QUTPUT 00178
ARITE (1,40) Ty OVLUI) s OVOT(X)y Fy FO, & . 001740
10d SONTINUE 001780
28 0oL 60
C WRITE ACOITTIONAL INFORMATICN 008770
WRITE (L,20) &, B, Ly COSCH . goLreon
0gL790
1 FORMAT (4N1,10X,%PROGRAM PG%, 1%, *PKOGRAM PL1O®, 20K, A0/ 7/ 001800 ;
L] Lyl YX ®1/77F OVOL (CUET) OV/0T (FPS/S) ®)L0X)*F(L3)*,9X, Q01910 {
T OAFOILBI® ) PRy* R0/ (0) %y /) woie20 !
10 FOAMAT C(AHO 10X FB L ) 0FIB, 2yFLud) 0018 30 . J
20 FORMAT (MO LOXy®A & O, F12:3,5Xs%B 0 * FlboB,3%,¢0 = *,F12,3,/7001040 .
1o 8X,°C080 n #,F32,2) yoLs 9
M RETURN 001860
END 001870
F
FUNGTLIN SI3u4A Th/th oPYey FIN biStullb 0B/42/777 13,1230 )
1 FUHCTTIUN SIGMA (M) 001840 . |
JIMENS ION SIG(2%) 0018490
v THIS FUNCTION INTCRXPOLATES BTTYWEEN VALUES OF THE DENSITY RATIO, 0019100 !
L SIVEN NY SI1G IN INTERVALS CF 430G FT. [TFY FY] i
] JATA SIS/ OTLO07, 278, 3408 3,068811,,080170,.83390 g01921 K
Lood10700¢78609,)s78200)¢7305947L0080,40933834067161 001930 i
2y 0P02200 029004001921y B8P0 07021, 495140,y B1318 001940 i
$0o 6183y 9798 08408008002, +LUBBSY oLasd . i
J = H/L000, - 001960 L
10 XJJ m H o= {000,%FLUATL S 0oLy g ;
STGMA v SXGLJ) + (SI1GUJel) « SIGLIIDI*XIJZLO0Q0, : 001940 1
RETURN 0L99) !
IND 202009 !
. | :
10 ' ' !
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SUAROU TINE PbU [{Y& L0 oPTsd FIN Lebobll 05/712/77 13,142,338
1 SUGROUTINE PLU (IFLAG HOWHF,VO,VF,8) 003820
ccC 1FLAG = 0 == CHUTE IS JEING OEPLOYED 3008 30
ce IFLAG = L == CHUTE KWAS 3EEN DEPLOYED 003840
SOMMON /CONST/ PLloG0y0O0yTFyCODyw 000880
s SOMMON /VEL/Z V210, OVL{t1) 600360
40387
nec INITLALIZE REQUIRED VARIABLES 0008860
i S0 = (FI*DO**2) 74, 0008490
; . 215 J001L89¥SIGHA(HDI*VO®+2 000300
| 10 004310
g’ e WRITE FEADINGS FOR TAPEL, Ir NECESSARY, 000920
@ IF (IFLAG.EQ.1) GO VO %0 000930
R i WRITF (1,10) DATELTOIAYV! 000380
u WRITE (1,2) 9y Qy VO, HO 00035
. 18 52 CONT INUE 000380
) 200370
N VO10*IFLAG+1) = VI = Vi s VO 000380
N Mo HO $0099)
! Al = € 001000
! 20 of = TF/50, 001010
b OV1 = CVD = «GO*OT* {4, = QECOI¥SOCFLOATLIFLAGI/W) 001020
g 180 = S0IFLAG ¢ 4 § IFF = [BB ¢ 49 001030
| . 004040
: sC START CALCULATIONS; INTERVALS OF DT = TF/50,. 001050
25 B0 100 I = IBB),IFF po10eo
T = FLOAT(I)/50. 015 M
TIME = T*YF . 001080
A = (SC=3)*AMINI(TH1,) ¢+ & 001090
SYPRE = 2,%0VL = DVO ] 801100
30 YPQE s V1 ¢ DVPRE 00L143
VEAY = (Vi ¢ VPRE)/2. ) 001120
OHPRE = VEAVeDT 001130
2 = ,004189*SIGHA(H* DHPRE)®VPRE®*2 001140
3 os QeCDsA 001490
13 VI = =50°0T% (1, = O/W) 00L1 €0
VI ® 1 ¢ 01 001170
I = JEeLVD ¢ V1) 0T 0014430
4 = M + OMI FISLT
Vi sVl 004200
wh 0 = Cét 001210
avy = CVI . ooL220
0123l
¢ ARITE NONE LINE OF QUTPUT, EVERY FIFTH CALCULAT JON 001240
II = M(DCI,5) 0012%0
L5 IF (I1.NE¢eO) GO TO 90 001260
IJ = I/5 ¢ 1 001270
V(IJ) = VI toL248
WRITE (Ly1dA T, TIME,QyOVL VLU 001290
001310
50 £e FIR IFLAG = 1, CALC STOPS WMEN OIFF IN Q IS SMALL 001310
IF (IFLAGJEQ.D) GJ FO 30 031323 '
JIFFQ = ABS(Q = QI) 001330 '
IF (DIFFNJLE..004) RETYRN 001340 ; %
QI = @ 0043%0 g,
ry 90 CONTTHUE 301360 !
001370 i
LJHESK IF (IFLAGLEQ.1) WAITE (2410 AGToTIMEQyOVIevIsOyH 004 340 :
CHEZY WRITE (2,1) A, Ty TIME, Qy OVI, VI) O) N 0013390 ]
1N0  SONTINUE 001490 , !
. 60 : _ 00110 .
an 4F ANL VF ARE OUTPUT OF P4l SENT BACK ‘TO ALBS 0910 N
HF 2 H § VNF = ¥ 001430
WRITE (292) 8,0yVF AF 001440
1 FORMATY (LHO910XeF11,2)F808)FIe2y2F1leky3FL1.2) . 0018l) )
68 2 FOIMAT (AH y40XyF 11,y 37X FiialyidXy2¢F1142y11%)) 001400 {
10 FORMAT (1H1,10X,*PROGRAY PUU *,AL042/77 © 004k 4
Ly 12X, *AREA(SQFT) TZTF T{SEC) Q¢ BSF) OVIFPS) VIF25)008 %80 S
2 ctLe) H{FT)Y®,77) 10190 i
. FETURN 001500 i
14 IND 001510 :
:
]
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PROGRAM CHUTE

L DATA ASSIG

HMENT STATEVENTS}

L_ WRITE HEADINGS FOR TAPE 2—1

L, INITIALIZE REQ

UIRED VARIABLES |

&
>

DETERMINE
OPENING
INE TF

CALCULATE DIFFERENCE
IN VOLUME, VYL

COMPUTE

CORRECTION TO TF
Fasl

SIGH OF

12

ONE PASS FOR EACH
TRIAL OF TF

T®TF

SUBROUTINES P9 AND P7U
1N PROGRAMS OF A, CARTEN

T2=TF

1F DIFFVL 15 NOT TOO LARGE,
MAKE CORRECTION TO TF EQUAL TO
.02 SEC INSTEAD OF .1 SEC,

MAKE CORRECTION TO TF

G0 BACK TO TRY HEW VALUE
OF TF

ALL e DETERMINE
@ OPENING SHOCK

(ST0P) FORCES

]




ket 1o
g‘.
i
H
: SUBROUTINE P4y -
i [
(
THIS SUBROUTINE MAKES CALCULATIONS
AS THE CHUTE 1S DESCEMDING,
BOTH WHILE 1T [S OPENING AND
| AFTER IT HAS OPENED.
{ [FakE THITIAL CALCULATIONS]
HEADINGS
POR NEW
* T CALCULATION
f , WRITE HEADIIGS _FOR TAP
g .
. MAKE CALCULATIONS
DEFINE LINITS OF
L0}
> )
MAKE CALCULATIONS E PASS FOR BACH TIME,
AT INTERVALS OF e R v
At « TF/
ATIONS ]
I SHOULD WRITE ONE LINE OF DUTPUT BVERY
OUTPUY BE FIETH CALCULATION,
\ PRINTED?
y
i BUT CURRENT VELOCITY
h NI1C o 14 PO
| WRITE ONE LINE OF
- Y QUTPUT ON TAPE i
i}
} )
! N $ IS PARACHUTE FULLY OPENED?
CALCULATE IS VELOGITY SUFFICIENTLY CLOSE
TO EQUILIBRILM VELOCITY C(VEMID?
K } :
! CHANGE IN Q
L. N
‘ -
‘ L ~-w= 4 /I« J SET FINAL MEIGHT AND VELOCITY,
RETURN

g 13




T B, 5 T U

SUBROUTINE P10

A=

P10 '

INITIALIZE RE J!RE§ VAEIABLEEI THIS SUBROUTINE COMPUTES OPENING
SHOCK FORCES.

TE _HEADIN ON TAPE 1 ]

ONE PASS FOR EACH TIME INTERVAL.

4 WAKE CALCULATIONS A
INTERVALS OF
[T vaKE CALCULATIONS |
WRITE ONE LINE OF
-{ 100

(WRITE AURITIONAL INFORMATION)

< RETURN ’

14
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program
PRso03acaca0at0d00900000000000000000 0 0000000000000 00000C00000N0DC0000CO000000000
FRoaval CHUTE CTAFELYTRFES) INFUT TAFES= IHFUT
end of record

COPT TRAEL S INTRUT,
REH{ND‘THFEL:TQFEE.
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Nomenclature

Program CHUTE

B
(4
CP

Cl1
DIFFVL

DTF

DVL

Do

GO
H
HF

HO

KMAX

Cross-sectional areu (b) of parachute
at t=0

Coefficient of drag, Cp

Coefficient of porosity, Cp

2
(c1) = d_

tf/n
Absolute difference between the calculated

and theoretical parachute volume

Correction to tg¢ to get DIFFVL below an
arbitrary limit

Rate of change (dV/dT) of volume with

Parachute diameter, d°

Number used to decide whether te should be
increased or decreased to produce an
acceptable parachute volume,.

Acceleration of gravity (go . 32.2ft/aec2)
Final height returned from subroutine P4U

Final height after chute has achleved
equilibrium velocity

Initial height, Hy

Index used to increment successive
iteration

Maximum number of different opening times
(tf) thut will be tried for a given run,
This is an additional safoguard against
the program going into infinite loop.

20
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s

KYUNT

Pl
SIG

S0

TF
TFI

TODAY

VEHI

VF
VFI

Vi

VLMAX
vo

index used to count the number of different
opening times (tf) that have been tried,

™

Array defining o at 1000-ft intervals, whore
SIG(I) = o(h=1000*1), up to 25000 ft.

Cross-sectional area (So) of parachute whan
fully opened (t=tg)

Fraction of opening time, T = t/tf
Opening time, tg¢

Initial value of opening time, read into
the progranm

Dummy variable used to print date

Array containing values of velocity (v),
where V(1) = v(Tw,1),v(2)myv(T=,2), etc,

Equilibrium velocity (Ve(Hl)) of parachuteI
system '

Final velocity, VF~VEHI

Velocity after parachute is fully opened
(tetg)

Parachute volume calculated using opening
time tmtg

Thoeoretical parachute volume

Initial veloclty of parachute system (at
t=0)

Welght of parachute system, Wg

21
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Nomenclature

Subroutine P4U

A

B

ch

D

DHI
DHPRE
DIFFQ

DT
DVI
DVL
DVPRE

bvo, DVI

Do, GO

HF

HO

Cross-scectional area of parachute at a
given time t

Same as in CHUTE

Same as in CHUTE

Drag of parachute, D

Change in height in time DTwtg/50
Initial calculation of change in height

Change in q in time t=,1tg. This is used
only after the chute is fully opened
(IFLAG = 1) to determine if the velocity
(V) is close enough to the equilibrium
velocity (VEHI)

Time increment/iteration; DT = tg/50
Change in velocity (V) in time DT
Same as in CHUTE

Initial calculation of velocity change
in time DT

Used in determining DVPRE. They are the
two provious DVI's

Same as in CHUTE
Height

Final helght when P4U returns control to
CHUTH

Initial hoight when P4U starts

Index used to increment successive lterations

22




- "-“-“—‘Wl;"_r;w%h'—'m?. ™

IBB, IFF Beginning and final values of index I
[FLAC Index used to tell P4U whether the parachute
; is in the process of opening (IFLAG = 0, \
%- 0<t<tg) or is fully opened (IFLAG = 1, t:tf)
: 11 Index to determine whether a particular
A iteration should be printed. (Only 1 out

of 5 is printed)

1J Index used to place a velocity value (VI)
into the array V; this index corresponds

! to a time such that V(IJ)sv(T), 1Jel10*T+1
é PI Same as in CHUTE |
; Q Dynamic pressure, q = HQVZ
; Q1 Provious value of Q; used to calculate DIFFQ
50, T, TF Same as in CHUTE
TIME Real time t(sec)
TADAY,V Same as in CHUTB
YEAV Average velocity over the interval DT
VF Final velocity when P4U returns control .
to CHUTE
vi New velocity at end of time increment DT ,
VPRE Proliminary value of now velocity at end ;
of time increment DT 3
Vo Initial velocity when P4U starts . é
Vi1 Used to store the previous velocity (VI) ;
W Same as in CHUTE ;
i
|
23 |

3
. 1
one s ane oy B o . e e
R T T ol ia O Lo A,



Nomenclature

Subroutine P10
A,B,C

ch

CDSOM

DVDT

bVL, DO

F

RO

I
PI,T,TF,TBDAY,V,W

Coefficlents used to calculate DVDT

Same as in CHUTE

(CpSelm = CpSe

Acceleration of parachute system (ft/secz)
Same as in CHUTE

Force produced by the drag of the
parachute (lbs)

Sum of the drag of the parachute and the
force of gravity

Acceleration in g's corresponding to FO

Helght at which o is to be calculated
This value o(H) is held constant
throughout the subroutine

Index used to specify the time (Tw,1*1)
Samo as in CHUTE




-_:Mm_—u-cq
© o e,

Function SIGMA

T e

S5IG

SIGHA

XJJ

Height at which SIGMA is to be
calculated

Index used to determine 1000-ft
interval

Same as in CHUTE

Value of o(H) calculated and returned
to calling program or subroutine

Variable which is used to interpolate
o between h=1000J and h=1000(J+1)

25
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Program Pl48B

This program treats the ALBS system starting from
the point when the balloon has been completely extracted,

and the helium has begun to enter the balloon. Calculations

are done every 200 ft, as the system descends through the

atmosphere, and one line of output 1s printed for each : [

R

height., The effect of the system welight, the drags of 4

ot e

the drogue and main parachutes, the 1ift produced by

. the increasing volume of helium in the balloon, and the J

change in temperature and pressure of the atmosphere are

il all taken into account by the progranm. B
Data is introduced to the program thru a READ

statement. Bach time a card of data is read, another set

of calculations is done. Any number of sets of calculations ;

may be done during the execution of the program. In this ?

g | way, parametric studies of any of the parameters in the

READ statement can be done easily. The data must be ' f

‘unformatted', 1. e., the variables must be separated by ﬁ

commas. ' ' 5

The output of the program is written on tapes 1 and 2 3

(Sce Figures 1-4), After the headings are written, one ‘ <

line of output is written for each height (200-ft intervals),
Since the values of so many variables are written, the

®

width of one page of computer paper is not enough to write

26




them all across the page in one line. Hence, for each
height, some of the variables are written on tape 1
(Figures 1 and 3) and the rest on tape 2 (Figures 2 and 4),.
After completion of the job, the pages are separated and
each set of calculations 1s taped together so thag the

data for a given helght can be read across the page in

one line,

Each time another READ stateﬁent is executed, another
set of calculations is done. For each new set of calcula-
tions, the headings are reprinted at the tops of new pages
on tapes 1 and 2.

The Fortran version, explained here, also contains
two new features not found in the original version written
for the desk-top calculator., The first takes into account
the adiabatic heating of the gas in the balloon as the
system descends into a denser and denser atmosphere. The
second provides an interpolation to determine the exact
neight at which the helium is exhausted (instead of the
height of the nearest 200-ft interval) and the values of the
other parameters at that height. These features are expluined

in detail below.
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30

3%

L0

us

L 1]

PROGRAM PLG)

cc

ne
1]
cc

(%)
O
(3]
(4]

(%]
(3
(3]
ur

30

76776 OPTsi FTN &:5+41% ,osriarr?
PROGRAM P1&D (TAPEL,TARER, INPUT,TAPES= INPUT) ﬂgﬂlﬂﬂ
000110

ALHS BALLOON INFLATION ZALCULATIONS 000120
WRITTEN FOk Ao CARTEN, AFGL 000130
3Y ROBERT VESPRINI, EMMANUEL COLLEGE, 2777 0021:g

9004

CIMENSION PRESS(20),y STG(2B) ooo0140
JATA PEESS/cTBULI g e U298, 08962, 88300 8320,)¢80840a7747)47428y 000170
L o780 ol 078y ¢0010,00381,)¢0118,).8870,,860u48,,5422,.852068, 000480
2 a9 vl U8y o uS99yaeb 10y L8227 ) 0By, 3880043718/ 00019)
DATA SIG/7e9PL0P, 04278, 91813,,08808114,,801709.838590 gco200
L9s3107040700809,,762008,7308989).71568,.69333,., 67154 000210
2oobB0R2) s 02900y COORL) S09k0,)BT0RL)e 508 04,),P33L8 oo ezo
3|c51’,“05“979.'.N‘1°.|o“.“.2||““6l’/ 003230
JATA PIyCLeOMH /73.,14159,3,0613,=-200,7 000240
#EAD OATA poozso
REAQ (fy*) WMI, WSREF, THE, TR, TREF, VO, DTy, TLREL, WO, OAD, OAM DdQ020C0
IF (EOF(3) NE,0) STOP o2 N
ogoas0

INITIALIZE REQUIRED VARIABLES ago299
TULE »u LQ2.44 060300
JTEMP = o8 § YEMD = TWE GoudLc
IFLAG = 0 & F =}, . 000320
ITOF = IFIXUINI/Z2004) = 000339
IF CITOP.GT«424) ITOP » 124 goc3Im
L w IT0P ¢ ¢ 000340
J e I/8 000360
JJ w Y = 8% . ago3s?0
SIGMA = SIGLJY) ¢ (SIG(Jet)=SIGUII)*FLOATC(JUI/B, v02 3489
P a PRESS(J) ¢ (FRESS(J+1)=PRESS(J)I*FLOAT(JJ} /B, 000390
vOL »« TM = T u 0, 000400
JAS = DAD ¢ DAM 000610
[ TPLY L]

WRITE HEAQINGS AND DATA AT INITIAL HEIGHT 000430
WRITE (1,100 OATEL(TQDAY) Q00440
HRITE (4,11) THE,TREF,TR,0T 000480
HRITE (2,12) DAMy OADy WO, TLREL 000w6Y
WRITE (1,1) 000& 70
WRITE (2,20 000480
NRITE (1413) MWL, SIGMA, Py VO 000490
ARITE (2y14) HI, WSREF, DAS 000830
000810

START CALCULATIONE, 200<FT INTERQVALS 000520
20 1000 II = g,IToR 000830
1 » ITOP = IT ¢ 4 000340
Jor Jr8 ’ ' oL %u
OM s DT*TR \ 0009 K0
TMM = TH ¢ DM goo%ro
. anossQ

HAS MELIUM BEEN EXHAUSTEIOT TIF NOTy GO. YD 80. 000%50
IF (THMJLT.TMHE) 30 TO 80 000800
IFLAG = § 0006130
F = (YMHE«TM) /DM 00d82)
T4 = TMHE 000830
350 to 90 0008 40
TM = THM 000640
SONT INUE U0ewéd

2B

12:12,49




‘WAwwvmfs%

FROGRAM PLhg Te/74  OPTEY FIN Mebéuth oss12/77
300579
H s «OH*(FLOAT(I¢1) = F) (TITY])
0 XJJ s =DHP (FLOATLI ~ 5%J ¢ 1) = F) 000690
TAIR s TREF = 2,%(d~nl) /1000, 000700
SIGHA » SIG(J) ¢ (S1G{Jel) = SIGUUI)I*RII/L0UG daLr10
P = PRESS(J) ¢ (PRESS(JeL) = PRESS(J)) *X4J/r1000, 900720
TEMP a C(THeDM)*{TEMP4DTENP) ¢ DMSTHE) /TH 080730
. ¢s WH & (22,038/TAIR=(CL/TEMP) I/ (CL/TENP) 0007 40
TL = TH®RLM WOTH
0002680
CCCS  YAS THE DROGUE CHUTE BEEN RELEASEDT IF NOT, 30 TJ 100, 000770
IF (TLLT TLREL) 6O TO 300 oo 780
10 W5 w WSREF = TL = WD AL
OAD ® 04 000800
30 10 119 goodio
100 WS = WSREF = TL 000820
110 CONTINUE Co 003830
14 0008 4o
VOL = (TMOTEMP) / (C15P) 0000880
IAB = ((04/PII%VOL)** (1,/34) PRI
DAD r (PI/L,)%01A3%%2 *.5 0068708
DAS = [AB 4 DAD + DAM 000880
8 VE s ~SQRT(ABSINS/(,001189%3IGHACDAS))) 000890
VEAV s (VE ¢ VO0)/724 . ho09a
X 3T & FEOH/ZVELY 000910
g T =1 +07 000920
i vl s VE 000930
, s 0 = 0ULLB9*SIGHASVESS R AT
38 » DAB*Q § LD = 0A0*Q 4 DM = DAMeQ 9009 %0
; DS = 08 ¢ 0D + OM 0009480
WW » N5 = BS {0097
] 000980 i
3 90 BC33 WRITE OME LINE OF DATA, 000990 :
3 WRITE (1y3)HySIGMA,PsTATRyRLMy DTy Ty VE, Qy TH, TEHP 001000
g WRITE (2,4) HyTL WS yVOL DI A OAS)UADHDByDD, DMy W ogtg;: q
001
CC3: [F CALCULATIONS ARE DONE, GO BASK TO KEAD MORE OATA. 001030 ;
IF (IFLAG.EQ.1) GU TO 50 001049 ;
001080
1000 SONTINUE sulle. 4
acLorn , ]
1 FOQMAT (1HOy* HEIGHT SISMACAIK) PRESS(ATM) TCAIR) *, 001080 -
LIX,SL/NB XD (TIHE) TIME VEL (EQUIL) PR LMD, PX )4 MASSCHE)*, 004090
2% TEYPIHEI®) G048l :
2 FORMAT (LHDy* HEIGHT TOTAL LIFT . WTISYS)  VOLUBALL)® 201410 4
L*  OIA(BALLY  (COSO)SYS  (COSOMBALL DRAGEBALL) * go1i20 -
2*URAGI(UROG) ORAG(4AIN) WS = DS*) 0011 30 i
3 FORMAT (1HO F7e0 FLoBoFaRoly Fi2ody3Fi2eIpFiRe2yFL2olrFi2e34FLeallilltd :
" FORMAT (L1HOyF74 00K 2F12,2,F12,3,)8FL2:2,F12.3) 001150 '
10 FORMAT (4HLy®ALBS BALLOON INFLATION CALCULATIONS®,/, a011 ¢d
L “OPROGRAM PL4E*\BX,AL0,/7) 061170 ,
11 FORMAT (4HOy 18X, PTEMP(HE) FRUM DEWER ®,3H 8 4FP.1,24K, 001180 .
1 STENP(AIR) N ETa Y, 001190 3
2 LHO,1UX " TRANSFER RATE*pXy2HR jFile by 20K, 001200 ’
3 SINITIAL OITINE) a &, F9,240¢/) 001210
12 FORMAT (LH1,/7/7277744 5% *DRAG AREA MAIN CHUTE = *4F9.2, 6oL220 W
L 22X,*URAG AREA CROGUE B 8,F3.247 01230 .
2 1HO 14X, " HT DROGUE AND HDWRE ® *,F7.0y aoL260 )
3 26X, PLIFT AT UKOGUE REL  » *,F9.8,///) ooLE Y i i
1 FORMAT (4MO)FT DyRX)FL2,59FL2.0)b8Ry FL242) © o g012e0 | i
14 FOUMAT (LMOWF7?(0y86XyF 120 2,20X,F12,2424092F 12420 00121 g ;
stop : $01289 :
END 001254 ;
!
i
i
!
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PROGRAM P14B

CATA ASS[GIUENT STATEVENTS

@ - = — — -

PEAD [MPUT UATA FOR
THIS SET OF CALCULATIONS

ANY N l
MORE
DATA?
Y f

(NITIALIZE VARIANLES AND I
MAKE CALCULATICNS FOR
FIRGT LINE QF OUTPUT

WRITE HEADINGS AND
FIRST LINR OF OUTAUT FOR
THIS SET OF CALCLLATIONS I

N [

BEST” AVAILABLE COPY

ONE PASS MOR 2A0M HEIGHT
€200-FT INTERVALE)

|
f

DESCHND

.
l A

WRITE (ME LINE CF CUTRUT,
CORPESPOMDING T THIS HETOHT

0 DROGUE 18 RELEASED WHEN LIFT OF
HELIUM [ 279 LDS, k
| i
p X
ALCULATE CALCULATE : i
SYSTEM SYSTEM ;
AL WEICHT I ]
l CoL
b
| »
e AT l ‘ }
f)
(o

1F HELIUM HAS REFS EXHAUSTED,
60 BACK TO RCAD HEXT SLY OF
INPUT DATA,

HELTUMA BEFY

SRR

Yo T




TR I T -

EOR T —

BEST_ AVAILABLE COPY

end of file

e L ER T EE T B Lo R0 2 =33, 3 5L HETE
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S ey IOEDLES
) 442, By 1050 A%

Fe iTe T
e Feo oFe
- -

-
2
el
g2
L]
program

Glﬂ3l!ﬂ!ﬂil"ﬂﬂﬂl!ﬂllﬂﬂﬂﬂltOHGIIIGOUDODOOUOOUUﬂﬂﬂﬂﬂﬂBﬂﬂllﬂﬂﬂ!ﬂﬂﬂhﬂﬂﬂlﬂﬂlﬂlﬂﬂbﬂﬂﬂl
/ FRIUGTAM FL4E (THPEL TRRES INPUT) TRRES= IHFUT)

A end of record
’ {‘]'F"'.TF\F‘EE"NJTF"JT'

LRy TREE 1 QUTRUT.
 REMININ THPELY THRER,
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' o
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Nomenclature

Program 148

c1

DAB
DAD
DAM
DAS
DB
DD
DH
DIAB
DM
DS
DT

DTEMP

H
HI
IFLAG

i e T

=3,0413, used in equation of state 8
(English units)

Drag area of the balloon, (Cpso)bnlloon

Drag area of the drogue, (CpS.)y.o0u,

Drag area of the main chute, (CpS.) ... ?i

Drag area of the whole systen, (CDSo)systam 3
Drag of the balloon, Dy : ' {
Drag of the drogue, DD

Incroment of height, AH

Diameter of the balloon, d,
Mass of holium transferred in time, 4t 1
Drag of the system, Dg i

Increment of time, At, during which
system drops a height AH

Increase in temperature, AT, of helium .
due to adiabatic heating from the E
balloon's dropping a height AH (200 ft),

DTEMPw.8°/200 ft or 4°/1000 ft

Interpolation factor used to calculate -
last line of output

Height, H
Initial height, Hi

Flag uscd to indicate whethor calcula-
tions have been completed




NOMENCLATURE

R St

I Number of intervals of height from
ground, i.e., I = H/AH

|
| 1 Index for D@ loop

1TRP Number of height intervals of the
‘ initial height from the ground, i.e.,
’ ITOP = HilAH

J Number of height intervals from
ground in thousands of feet,

JJ Number of height intervals from J to I

p Pressure (P) at height H

Pl "

PRESS Array containing values of pressure at
1000 ft, intervals, used in the calculation
of P

Q Dynamic pressure, q = yp v

RLM Lift to mass ratio (L/M) of helium in

the balloon,

SIG Array containing values of o = p/p°
at 1000 ft. intervals, used in the
calculation of SICMA

SIGMA Ratio of o = o/p° at height Ui

T Time, t

TAIR Temperature of the air at height H

TEMP Temperature of the helium in the
balloon at height H

THE Temperature of helium from the dewer

TL Total 1ift at height H

37




TLREL

™

TMHE

TMM
TR
TREF
VE
VEBAV
VoL
Vo
WD

LE]
WSRET
LL]

XJJ

Total lift when drogue is to he
released,

Total mass at height H

Total mass of helium to be transferred
to balloon

Temporary storage for TM

Transfer rate of helium

Temperature of air at Hi

Equilibrium veloclty (VO(Hi)) of systen
Average velocity over interval

Volume of the balloon

Velocity at end of preceding interval

Weight of the drogue and associuted
hardware

Weight of the system less the total lift
Initial welght of the system

w (WS - DS) and should always be very
close to zero

Difference in height from H to next
lowest 1000-ft level

38
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Adiabatic Hoating of the Gas in the Balloon

As the balioon descends into a thicker and thicker
atmosphere, the balloon contracts due to the greater pressure
causing the gas in the balloon to undergo a certain amount of
adiabatic heating. This is known to be 4°K per 1000 ft of
descent and is essentially constant throughout the regiun
of interest.

In program Pl4B calculations done every 200 ft, and
thrOuéh this distance the gas (already in the balloon, not
in the dewer) will heat up by .B°K. The femperature and
transfer rate of the gas entering the balloon are assumed
to be constant, and the gas in the balloon is assumed to be
at all times in equilibrium, i.e., the temperature of the gas
is uniform throughout the balloon. The relationship
connecting the temperature, pressure, and volume of the
gas is taken to be the equation of state for an ideal gas
expressed ast nT

3.0413 P
where V is in cu ft, m in grams, T in °K, and P in

V =

atmospheres.

In each 200-ft interval the system drops a height of
200 ft in a time At, which is computed elsewhere in the
program. During this time a mass Am of helium at temperature
T is transferred at a uniferm transfer rate r, and we have:

He
Am = rit

39




Also, the mass m, of helium alr~ady in the balloon is
1% heated .8° from its original temperature T° to a temperature
e of T+ .8°., The mass m of helium entering the balloon is

at temperature T, and mixes to form a new temperature T

H .
inside the balloon such that: i

T fT°(T + ,8) ¢+ AmTHe -

m, * A4m i
The new volume of the balloon is: '

(m + Am)T
Ve —m8 — : -
3.0413 P i

where P is the pressure at the new height. 1

—_
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II. VOR Positioning Program

! A. Intreduction

The positioﬁ of a free balloon after launch is found
by tracking the balloon from two or more VOR stations which
measure the direction of the balloon with respect to magnetic

north, The position of the balloon is then found by plotting

these bearings on a map of that region, .
A program has been written for the |IP-9810A

programmable calculator which will calculate the balloon

k position from the station locations and theilr bearings on {

the balloon, Calculations are based on spherical geometry,

which 1s exact (for a perfectly spherical earthk), and,

therefore, errors due to the plotting on the map and to

distortions in the projection of the map are eliminated,

The mathematics are described in Section B,

PERe

The program stores the coordinates of as many as 8

VOR stations at one time, In this way the path of the

balloon can be followed over a longer distance without

. eara

having to change the statlion coordinates., The program

works as follows:

R

After the latitudes, longitudes, and declinations of
the 8 stations have been input, the program will then
requast magnetic bearings from any three nf those stations.

Tho user will entetr the number of each station he hus

42
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e s v —

chosen and 1ts corrosponding boearing, Taking the stations
two at a time, the program will then calculate interscction
points among tho three stations sclectod,.

After the céordinates of these interscction points
have been calculated and printed, the program will request
a now set of bearings., These new bearings need not
necessarily be from the same stations previously chosen;
any 3 of the 8 may be selected.

A complete description on how to use the program is

given in Section C.

B. Mathematics
1, Introduction

The projection on the earth of the line of sight fronm
a VOR station to the balloon follows a great-circle path.
Therefore, the balloon position can be found by calculating
the location of the point of intersection of the two great
circles which correspond to the lines of sight from fixes
from the two givon VOR stations,

Inputs to the calculation are the latitudes, longitudes,
and declinations of the two stations and the directions of
the balloon from the stations with respect to magnetic
north, The declination is used to change the magnetic
diroction to a compass heading with respect to true north.

For ench statlon, these quantities are used to form

43
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one vector which points from the station to the balloon,

and another vector which points from the center of the

earth to the station., Taking the cross product of these

two vectors produces a vector which is porpendicular to

the plane of that great circle which is the projection

of the line of sight from that station to the balloon, In
other words, one set of station coordinates and & bearing
from that station produces a vector which is normal to

the plane of that great circle which corresponds to the line
of sight from that station to the balloon.

Taking the cross product of two of these normal
vectors produces & vector which points from the center of
the varth towards the point of intersection of the corres-
ponding two great circles, i.,e., it points along the line
of intersection of the two great-circle planes. From this
vector one can compute the latitude and longitude of the

balluvon.

2. Input and Qutput

The input to the calculation is the latitudes, longi-
tudes, declinations, and magnetic bearings of the balloon
of two stations,

The latitudes are north latitudes,

The longitudes are input to and output from the program
as wost longitudes, However, for mathematical convenience,

within the program and in the calculations which follow,

44
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east longitude is used in order to be consistent with a

right-handed Cartesian coordinate system.

In the program the magnetic bearings are converted to
bearings with respect to true north by adding to each its
corresponding declination (expressed as positive for an
easterly declination),

The north latitude and west longitude of the balloon

position are printed by the program.

3. Nomenclature

0 is the center of the earth

A, C are two VOR stations

B is the position of the balloon

Gp08p:0¢ are the north latitudes of positions A, B,

and C, respectively

P S I N "~

Aarrpode are the east longitudes of positions A, B,
and C, respectively

1
|
al

are unit vectors from O to A, B, and C,
respectively, These vectors are local
verticals

e e B IR Eppan i TR

Kﬁ, Eﬁ are unit vectors at A and B, respectively,
which point due north, i.e., these vectors
are local horizontals pointing north

N

e D e e L e

=
A
| >t

are unit vectors at A and B, respectively,
which point due east. i.e., local
horizontals pointing east

45




NA* N are bearings on the balloon with respect tc true
north from stations A and C, respectively

Kﬁ, cB are unit vectors which point from A and C,
respectively, along those great-circle paths
which are in the direction of the balloon B,
i.e., local horizontals pointing in the direction
of the balloon

i

. TSR R

a7 el

T, are vectors which are normal to the great-circle ;
A'TB —
planes specified by the vectors AB and CB, '
respectively

4, Bquations
: 8, The first step is to form the vectors GX.
AN, and AE for station A. The vectors OC, TR, and TR will

then be constructed in a similar fashion. The vectors
are expressed in terms of their x, y, and z components
respactively., The origin of this Cartesian coordinate
system lies at the center of the earth; the z-axis points

towards the north pole; the x and y axes lie in the plane

of the equator and point toward the 0° and 90° meridians,

respoctively,
The x, y, and z components of these vectors

can be expressed in terms of the latitude eA and longitude

Aa of station A,
Looking at Figures 1 and 2, one can see that the

X, ¥, and 2z components, respoctively, of these vectors are:

EX . (coseA cosxA. coseA sinAA, sineA )




. e

e e et ——— TS YT

AN = (-sineA cosAA. -sineA sinAA. coseA)

AT = (-sink,, cosir,, 0)

The vectors 53, Eﬂ, and Eﬁ are constructed
simillarly, and their components can be found by substituting
ec for eA and AC for AA in the vectors given above,

b. The next step is to form the vector AB which
points from A along the groat-circie path which is the
projection of the line of sight from A to B, In Pigure 3
is a diagram of the local horizontal plane at A. From this
we see that: '

AB = AN cosn, + AR sinn,

Expanding this to find the x, y, and 2z components of AB, we
have:

AB = (-sinOA cos%A cosn, - sinAA sinnA,

-sineA sinAA cosn, + cCosh, sinnA,
coss, cosn, )

The vector CB is constructed similiarly, and its
components can be found by substituting ec for BA' AC for AA
and "e for A in the above equutions.

¢. The next step is to form the vector ﬁk which 1is
normal to that great-circle plane which contains the line of
sight from station A to balloon B, This vector can be formed
by crossing uny two voctors which lic in the plane (and are

not purallel), The vectors O\ and A% lio in this plane, and

we haveo:
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n, = Ok x KB
(T, = (OK) (RB), - (OK), (AB),
- sinkA cosn, - sineA cosa, sinnA ,
(), = (68, (AB), - (BR), (AB), |
- -cosAA cosn, - sinaA sind, ninnA

(), = (5R) y - @R, @B
= cosd, linnA

X

[T

The vector ﬂ; is constructed similiarly, and its

components can be found by substituting OC for eA. XC for AA

e st

and e for "A in the above equations.
d. Taking the cross product ¥ of the vectors ﬁ} and j
; i; produces a vector which points along the line of intersection

of the two great-circle planes. This line of intersection

{ ' passes through the center of the earth and the balloon. The
vector formed will point either from the center of the ecarth

to the balloon towards a north latitude or in the opposite

direction towards a south latitude, The components of V are:
Ve " (ﬂkJ, (H‘B)z - (ﬁ;)z (E’B)y
v, (), (M), - (B, (7)), =

Ve " (i;)x (Ea)y i (il} (ﬁ;)x

In the case that V points towards a south latitude,

we can turn the vector around by making the transformation

v+ -V Lo

e. Bven though V' now points in the direction of 33. o

it is not necossarily a unit vector, To form the unit vector,
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V must bo divided by its length and we havo:
08 = v/ |V

whore |V| = JCi + vi ‘v

2
z

6) Looking back at Figures 1 and 2, the coordinates
of the ballcon eB and AB can be found from OB or v by:
v
0g = sin"1[(8B),] = sin"!( —i)
|¥]
(98)

v
-] = cos”}
cosd

[ ——X—
|V|coseB

Ag = cos'l[ X
B
€C. The Program
1. Introduction
The following is a step-by-step description of how
to usv the VOR positioning program. A sample ocutput, a
listing, a flow chart, and an explanation of the organization
of the memory are also provided in Pigures 4 - 7, respectively,
Supplementary information about the program is given which
enables the user, when data has been entered lncorrectly, to
correct the mistake withqut having to go back to tho beginning
of the program.
2, How to Use the Progranm
Press END, CONTINUE.
The program then asks for the number of stations
to be put into tho calculator. The program can handle up to
8 stations. Tho user puts thls number into the x reglster
and then preosses CONTINUE,
The progrum then prints a station number, starting

at statlon 1 and going up to the number of stations requestod
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in the previous step, and requests the latitude, longitude,
and declination, respectively, of that station., For each
of these variables, enter the number of degrees in 2z,
minutes in y, and seconds in x, and then press CONTINUE.

Latitude is input as north latitude, longitude
as west longitude, and declination is input as a positive
quantity for an easterly declination and as a negative
quantity for a westerly declination,

After reading these quantities for a particular .
station, the program goes on to the next station, or, if the ?
last station has just boon‘input. it goes on to the next step.

The program then asks for the time of day. This
{s done so that there will be & record of the time that the ‘
VOR readings were taken, The user puts the time into the
x register in the following way: 14:45 is put in as 14.45,
stc. The user then presses CONTINUE.

The program then asks for bearings from an three
of the stations, called iST. 2ND, and 3RD stations, respectively.

For each of the three stations to be selected, enter the
humber of the station roquired in the y register and its
corresponding magnetic bearing, expressed in decimal degrees,
in the x registoer.

The program then prints the coordinates of the
balloon location calculated using the 1st and 2nd stations,
then the lat and 3rd stations, and finally the 2nd and 3rd

stations. PFor each station pair the latitude and longitude

50
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are printed in degrees, minutes, and seconds,

The program then asks for a new time and then
ncw station numbers and bearings. Again, any threce stations
mdy be selected, and these need not be the iame ones which
were solectod previously, After each set of bearings has
been input, and the balloon positions calculated, the

program goes back to ask for a new time and a new set of

station numbers and bearings,

A sample output is shown in Figure 4. All
variables which the user must supply have an asterisk
placed beside them, Note that all variables input by the
user are printed on the paper tape immediately after

being entered.

3. Supplementary Information
In order to help the user understand (and

possibly modify) the program, a listing of the progran is

given in Figure 5 and a flow chart in Figure 6.

In the case that, after the station data have
beon entered, it is discovered that a station coordinate
was entored incorrectly, or it is necessary that another
station be substituted or added, 1t is usually more
convenient to be able to enter the information directly
into the memory rathor than having the program do 1it,

(For the program to do this requires that all of the
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information be reentered.) This requires a better
knowledge of the memory and program organization. The
organization of the memory is shown in Figure 7,

To put a number into a particular memory
location, put the number into the x register, press x-(XTO)
followed by the three-digit memory location. Since the
coordinates entered in this program are always expressed
in terms of degrees, minutes, and seconds, the user must
first change this to decimal degrees beforo entering it
into memory. In this case, put the numbers of degrees,
minutes, and seconds into the z, y, and x registers,
respectively, press K, 6 to convert to decimal degrees in
the x register, and then press x+, followed by the three-
digit memory addroess.

For station number i, 1 = 1 to 8, the latituds 9,
longitude A, and declination n are put into memory locations
5i+3, 5i+6, and 5i+7, respectively. The number of stations
which are being stored in the memory is kept in memory
address 000, ‘

If a bearing is entered incorrectly, press GTO,
0, 2, 5, 0, and CONTINUBE. The program will then ask for a
timo Tollowed by three new station numbers and their
corresponding bearings, The old station numbers and bearing

are replaced.,

52

e i i

e e Zalll et a1




=T

D. Comparison of VOR Data with Radar Data

Using data from a particular balloon flight for which
both VOR and radar data were available, a comparison of
results using these two sets of data was made. Radar data
are considered to produce substantially more accCurate
results than VOR data and, therefore, are suitable for
determining the accuracy of the VOR dats.

Errors in VOR positioning can result from a number of
scurces: 1) the error (4n) in the magnetic bearing (n)
of the target as viewed by the VOR station in question,

2) interference from other radio signals or mountains, and
3) the line of sight being too close to the horlzon. The
error in the bearing is the only type of error which will
be discussed here. Errors due to the other two sources
are highly unpredictable and would probably have to be
measured empirically,.

The error in positioning (E) due to one VOR station
alone at a distance d from the target, assuming the bearing
of the other station used for the fix is exact, is:

E ad tan(dn), or for small 4An, E = d(4n). The maximum

error in a VOR bearing is known to be + 1/2°., Errors

(E& and E;), due to the errors in the bearings of both of

the VOR stations used to produce a given fix, add vectorially

E,

to produce the tetal error [ 1 E;. This 1s shown

in Figure 8.
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When the angle a, the angle between the lines of sight
from two given VOR stations, approaches 180°, i.e., when the
balloon is very close to the line joining the two VOR
stations, the total error (E; * E;) can become very large
even though the bearings themselves are accurate, i.e.,

An,y and An, are small, Conversely, an intersection angle
of 90° between the lines of sight is optimum, This is shown
in Figure 9. The shaded areas show where the balloon might
be for each of the two fixes A and B, assuming an error of
+ 1/2° in each of the bearing-angle measurements. The
centers of the shaded areas are the positions where the VOR
predicts that the balloon is located. Note that for position
B the fact that o 18 close to 180° can lead to a large error
in the prediction of the balloon position,

Both radar and VOR data were available on ballooﬁ £flight
H75-4, which took place on February 7, 1975. VOR data were
available from the following stations: 1) Truth or Consequences,
2) Deming, 3) Newman, Texas, 4) Holloman, 5) Pinon,

6) Hudspeth, Texas, 7) Roswell, and 8) Pecos, Texas. These
stations and the position of the radar are shown on a map of

the area in Figure 10, Balloon positions and their corresponding
times are shown throughout the flight,

During this flight balloon positions were computed using

Truth or Consequences, Holloman, Pinon, and Roswell. The

othor stations were too far away to provide accurate results,
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Since E = d tan An, the error is proportional to the distance
of the station from the target., Furthermore, the farther
away the station is from the balloon, the closer to the
horizon the balloon appears,

Larger discrepancies ( 2 to 4 nm) occurred at the
beginning of the flight (before 9:14) when the balloon had
not yet reached flight altitude and was therefore too close
to the horizon to get a good fix, The radar was much
closer to the balloon during this time, and its results are
probably accurate.

Later in the flight (10:35 and after), discrepancies of
2 to 5 nm were seen. At this point the balloon was about
halfway between Roswell and Pinon, so that a was close to
180°, Therefore, these two stations could not be used together
to get 2 good fix, Holloman and Truth or Consequences were
at this time quite far away (60 and 120 nm, respectively)
and were also looking over a mountain range., Hence, using
either one of these with either Roswell or Pinon also tended
to produce larger errors than usual because of both the
distance, ircreasing the error and making the ba)loon
appear close to the horizon, and the interference produced
by the mountains, This seems to have bsen in fact the case,
because the fixes using Holloman were consistontly about
3 nm to the south, whereas the fixes using Truth or

Conscquences wero consistently about 3 nm to the north., Note
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that the radar data could also have been influenced by the
mountains and the balloon's heing too close to the horizon..
However, the fact that Holloman predicted positions

were consistently 6 nm south of those predicted by Truth
or Consequences shows that the VOR data themselves Qere
inconsistent. During this part of the flight Carlsbad

could have provided a good £ix, but data from it were not

available.
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TIME
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ARD STATION

23,0008 %X
SOL L RN R
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IIl. Tecthered-Balloon Experiment

Introduction
A series of tests was made in February-March 1975 to ;
aid in the implementation of the'Tactical Loran Tritether :
Instrumentation Hook-up', These tests consisted of flying
a 30000 cu ft balloon on tethers of various lengths (100,
500, 1000, and 2000 ft) with various loads (from no load
up to 260 lbs) in various winds, The purpose of these tests
was to determine the extent of balloon wander under aiffarent
wind conditions, The balloon position was measured by
means of theodolites, and wind azimuth and velocity were
measured by instruments attached just under the balloon. ;
Table 1 gives a summary of the differont runs made in this

series of tests,

Analysis
At the beginning the approach was to plot individual )

data points, with each graph containing data from only

one run, Balloon positlons with respect to ground zero
were plotted with the y-axis representing north and the ]
x-uxis east. Values of wind direction and azimuth

;é corresponding to each balloon position were also plotted on
theso graphs, with the distance from the origin corresponding

to the wind volocity and tho angle with respect to tho :

y-axis corresponding to the wind azimuth. The two sets
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of points were numbercd and connected by straight lines,
providing a kind of time hlstory of the balloon position,
" wind direcction, and wind speed.

$' Using the corresponding values of wind azimuth, the
1 balloon positions were thon resolved into components parallel ﬁ
i and perpendicular to the wind, These values were also
plotted as a function of time,

5ince not much could be inferrod from those types of

plots, since the wind data might not have been good enough to
justify a point-to-point breakdown, and since it takes a
certain amount of time for a given chango in wind direction
or speed to effect a change in balloon position, it was
docided to group together those times when both wind speed

and direction were 'approximately constant.,' Balloon positlions

during a given time period were resclved into components
parallel and perpendicular to the wind based on the average
azimutin of the wind over the whole period. Bach tine perlod
contains at loast five points, and, for some runs in which

the wind was nearly constant, it was not necessary to divide

ok

the data at all, Balloon positions parallcel and perpendicular ?

to the wind were graphed versus time, and each run was

graupheu separately.
' Since this type of timo history of bulloon wander did 3

not seom to provide any notuble insights, data from cach

TR T e s oo - il

of theso time porlods werc grouped together, and statlistics




of mean, standard deviation, maximum excursion from ground

zero, and spread of excursions about ground zero were

calculated, These are statistics of the balloon displacement

from ground zero both parallel and perpendicular to the wind.
‘ Hence, for esach time period of a given run one value for

each of the above statistics of balloon displacement was

calculated, both parallel and perpendicular to the wind.

In the next set of graphs, each of the statistics of
displacement listed above was plotted versus the average wind
i velocity of the corresponding time interval. Bach graph
contained the data from all runs of a given tether length,

for a given statistical parameter either parallel or

s o e

perpendicular to the wind, If a particular run was divided

into more than one time interval, more than one set of

statistics were plotted for that run, :

o SR T T T
~4

Note that in the case of maximum and minimum excursions,
the length of the time interval of the run is important; ’ }

however, no attempt was made to take this into consideration,.

On the other hand, in the case of the mean and standard

S T L.

deviation, the length of the time lnterval is not important

as long as it is 'long onough' to provide a representative

T

sample,

From this set of graphs it was seen that in the pruns of '

the 100' tether tho ba!loon wander is a much higher fraction

L of the cable longth thun with the other tether lengths.
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Note that, in the application for which this will be used, it
is the zenith angle of the balloon tether which is important.
From this set of graphs it was decided that the 100' tether
was not suitable,

f , Onc can also see that the 1000' and 2000' tothers are 1
noticoubly better than the 500' tether, However, it was

felt that performance of theso lengths would not justify

their isec over tho 500' teother, Use of a longer cable

Incrcasos the weight, thereby decroasing the net 1ift of the
A balleon, and mnkos tho rigging of the balloon more Jdifficutt
Since it is the zenlth ungle of the bulloon tethor which
] ls impocetant in this applicaiton, the statistics of balloon

' displacoment listed above were converted to percentage %

displacement (wdisplacemant/cable length x 100), Each

; stntis ic wans plotted soparavely versus average wind veloelity,
For a given statistic, the data for the 500', 1000', and

2000' tothers parallel or perpendicular to the wind were

: plottod on tho same graph. 4 i

For mean displacement purallel to the wind, the percentopo

displacoment incroases with wind velocity In o way whieh s

Sl Tl

. almost linear. There 13 ne noticouble depondence on tether

length apurt From tho fact that the 500' tother does not

A

perform quite as we'l ud theo two longer tethers, There ia

R L = T T

a folr amount of scatter in the graph, but the slopoe of that

line which produces tho bost flt is 1,7% of cuble length per

e T e LA T

.
TS T Mt 1y T b st v
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mph of average wind velocity., Therefore, the degree to
which the balloon is blown back inte the wind is proportional
to the average wind velocity.
Mean displacement perpendicular to the wind showed no
systematic variation with wind velcoity. This is reasonable
since the balloon should not have a preferred average
position perpondicular to the wind,
Standard deviaiton parallel and perpendicular to the
wind is very variable and, with the exception of winds.
below 5 mph, shows no variation with wind velocity. Further-
more, the 500! tether data have noticeably higher standard
deviations than do the 1000'- or 2000'- tether data. Note
that even in high winds, greater than 20 mph, the standard
deviation did not increass.
The maximum excursion from ground zero parallel to the
wind showed an almost linear increase with wind velocity,
but wi:h considerable spread. Again the 500' tether shows,
in genoral, greater displacements than do the two longer
tethor lengths,
The spread of excursions parallel to the wind shows no
relation to wind velocity above 5 mph, But, here again, the '
500' tuther shows greater displacements.
The variation of these two statistics perpendicular to
tho wind also showed no variation with wind velcolty above

5 mph, but tho 500' tether showed significantly greator
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displacements than did the two longer tether lengths,

e ——— el 2 T T S e

We have seen that parallel to the wind the meur and
maximum excursion varied with wind velocity in un ulmost
. linear fashion, Dividing each of these statistice by
i wind velocity, (producing & mean or maximum displacemeit
/mph average wind velocity), these data were plotted versus
load to try to find what effect, if any, the load might
have on balloon wander. Qualitatively, we know that an

increase in the load will increase the angle of attack of

the balloon, Up to a certain point this is dosirable since
it produces an increase in merodynamic lif:, but after this i
point the aerodynamic 1ift dec~veases with angle of attack,

For the '"mean displacement parallel to the wind/mph

average wind velocity", there seemed to be some correlation 1

with load, 1,e., angle of attack, The spread is very large,

but one can conclude that the slope of the percentage mean '
displacoment parallel to the wind veusus wind velocity is

higher when the load is greater.

Tho slopes computed using the porcontuge-maximum-

' oxcursion statlstics show, on the other hand, no correlatioan
with loud. |
Summary f
1) Data wero first resolved into components parallel |
:

and perpendicular to the wind. i
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2) Data were then grouped together into time periods
when both tho speed and azimuth of the wind were constant,

3) Data for each time period during which the wind
was constant were then grouped together to form statistics
of the didplacement of the balloon with respect to ground
zero both parallel and perpendicular to the wind.

4) ThQ percentage displacement of the 100' tether was
too high to be suitable for this application. The percentage
displacsements for the 1000' and 2000' tethers wers noticeably
smaller than those of the S00', but their performance was
not that much bettor to justify their use over the shorter
500' trther,

3) Percentage moan displacement parallel to the
wind vuried linearly with wind velocity, with a slope of
1.7%/mph, the balloon being blown back into the wind more
and more as the wind increased, Perpendicular to the wind
the meuan displacement showed no varlation with wind velocity,
i.e., the balloon had no preferred position perpendicular
to the wind,

6} Maximum excursion parallel to the wind varies
linouriy with wind velocity, This is due to a great extent,
however, to the variaotion of the mean. Perpondicular to the
wind thoroe is no systomatic variation,

7) Standard deviation purallel and perpendicular to

tho wind showed no variation with the wind above 5 mph,

— e o e i e TI—
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8) In the case of the standard deviation parallel and
perpendicular to the wind and of the maximum excursion parallel
to the wind, the 500' tether showed greater percentage dis-
placements, in general, than did the two longer tethers,

9) Load, in general, seems to produce greater displacements

parallel to the wind,
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Table 1

NO LOAD LOAD BAR  LOAD BAR
‘ 4140 LBES  +265 LBS
LuAD BAR ONLY BALLAST BALLAST
‘ 2/26 #4 3)7 #2w 2/27 #8 3/7 #1
2000 2/27 #4 3/7 #3 2/28 #4
tether !
3/4  H4w 3/6 ¥4
2/26 #3 3/7 Ha* 2/27 #7 3/3 #3
1000" 2727 #3 2/28 #3
tether
3/4 43 3/6 #3
2/26 #2 2/26 #5 2/27 #6 3/3 2+
500! 2/27 #2 3/3 45 2/28 #2 5/7 46
tether Do
3/4  #2 3/6 42 Y
I 2/26 M1 3/3 #4 2/27 #5 3/3 #1*
100"
2/27 *1 2/28 #1 3/7 45
tethe
3/4  #1 3/4  #5
3/6 #1

* NO WIND DATA

:
!
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IV balloon-Flight Simulation ;

The following balloon-flight simulations were done.

A, Eglin AFB simulation
. Using 10 years of wind data from Eglin AFB, balloon :
positions and statistics of balloon positions were calculated ‘
assuming an ascent to 10 mb at a constant ascent rate of 800 _
ft/min, letting the balloon float for 0, 1, 4, 6, 8, and 10 | J
hours at 10 mb. This was done using wind data for days 1- :
10, 11-20, and 21-31 in each of the months from April to
September.
The wind data were roceived on a 9-track, phase-encoded
tape which had to be converted to a 7-track tape in order to
make it compatiblé with the CDC 6600 at AFGL. Before writing ; 2

the 7-track, 800-bpi tape the data were sorted by month and 9

day.
The balloon positions and associated statistics were o

done by a program called CHICSIM, which was modified for this
r particular job,

B, Holloman and White Sands simulation

Using 10 years of wind data from Holloman and White Sands, . &

i ballcon positions and statistics of balloon positions were

8. | calculatod assuming ascents to 80, 90, and 100 kft, at a

constant ascent rate of 800 ft/min, letting the balloon float

4 for 0, 2, 4, 6, 8, 10, and 12 hours at ecach of these altitudes.

i
A
)
i
i
|
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n
| Each of the above cases was run for days 1-15 and 16-31 for "-’
all months of the calendar year. 3
) These wind data were already on a CDC 7-track tape, . 9‘
g ; g
.: The data were processed by a program called SIMBALL, which . 3
._ . was modified slightly for this particular job.
i
e 1
[.‘ ‘.
.;
1
1 ;‘,
b ‘_
;3- :"
& ‘
9 ' 8
.
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